Introduction
Since 1958 cyanuric acid and cyanurates have been used in swimming pool water to lower the rate of photochemical reduction of chlorine, hypochlorous acid, and hypochlorite ion. Such increase of stability of chlorine to sunlight is highly desirable because it reduces both the possibility of disinfection failures and the frequency of additions of disinfectant. Chloringted isocyanurates, pure or in commercial preparations, are also available for use as disinfectants in swimming pool water.
In this paper, the available literature is examined to Dr. Canelli is Doctor of Chemistry, University of Naples. He is presently a research scientist in Biochemistry at the Environmental Health Center, Division of Laboratories and Research, New York State Department of Health, Albany, New York. This paper was originally presented at the New York section meeting of the A.W.W.A. on October 8, 1970 , and has recently been updated. determine (1) the influence of cyanuric compounds on the bactericidal activity of chlorine and the effectiveness of chlorinated isocyanurates as swimming pool disinfectants; (2) the acute and chronic toxicity of cyanuric acid, chlorinated isocyanurates, and their eventual decomposition products; and (3) the practical range of optimum concentrations of cyanuric acid as a chlorine stabilizer in pool water.
Physicochemical Properties
Cyanuric acid and its derivatives are heterocyclic compounds of the symmetric triazine group (Figure 1 ). The predominant tautomeric form in the solid state is the keto form; in basic solution, the enol form is more stable. The synthesis and properties of cyanuric acid and its derivatives have been described in detail. [1] [2] [3] [4] [5] [6] [7] [8] [9] The most common chlorinated isocyanurates derivatives such as dichloroisocyanuric acid, or 2 ,4,6 -(1 H, 3C1,5C1)-s-triazinetrione; sodium dichloroisocyanurate, or 2,4,6-(lNa,3CI,5C1)-s-triazinetrione; and trichloroisocyanuric acid, or 2,4,6-(1lC,3C1,5C1)-s-triazinetrione. These compounds are usually prepared by controlled chlorination of sodium or potassium salts of cyanuric acid:
Handling and Storage Cyanuric acid and cyanurates should be stored in a dry, cool place, and contact with eyes or ingestion must be prevented. Because of the possibility of explosion, manufacturers' instructions should be followed scrupulously when handling chlorinated isocyanurates. Na3 C3N3 03 + 2C12 > NaC12 C3N3 03 + 2NaCl
Some commercial formulations contain additives such as Ag3 P04 to stabilize and deodorize the active product.I 0
In concentrated solutions of dichloro-and trichloroisocyanurates (concentration > 0.5 per cent available chlorine), appreciable ring decomposition may be experienced. When trichloroisocyanuric acid is used, one of the products of the decomposition is NCI3, which is a strong lacrimator and a dangerous explosive if ignited by a spark. In concentrations below 1,000 ppm as available chlorine decomposition of dichloro and trichloro derivatives in the pH range 3-14 is slow, and the nitrogen decomposition products are N2 (at pH 8. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] or N2 + NCl3 (at pH 3-8.5 Melamine reacts at pH 5.8 with cyanuric acid, yielding an insoluble, chemically defined compound containing 50.58 per cent of cyanuric acid. This reaction is used for the gravimetric determination of cyanuric acid, melamine, and chlorinated isocyanurates (after treatment with sodium arsenite to remove chlorine6 3 ) and is used also in a turbidimetric modification of this method which is particularly suitable for field applications. 6 Acid-base titration procedures6 and a method for continuous separation, identification, and quantitative determination of cyanuric acid in aqueous solutions by ion exclusion-partition chromatography' 4are also available.
Stabilization Effect
The effectiveness of cyanuric acid as a chlorine stabilizer at pH 7.0 in distilled water and chlorine-demandfree pool water is shown in Table 1 . Concentrations of cyanuric acid in the range from 20 to 25 ppm seem the most practical, since little is gained with a higher concentration of stabilizer. The effect of pH is shown in Table 2 . Although some differences of behavior in buffered distilled water and in pool water are evident, the optimum pH for chlorine stabilization in swimming pool water is near 7.0.
While the general stabilizing properties of cyanuric acid and cyanurates are agreed upon, the basic mechanism of chlorine stabilization is unknown. When, as in swimming pool water, the molar ratio of cyanuric acid to chlorine is high, a mono-N-chloro derivative, which is more stable to ultraviolet radiations than chlorine, may be formed.
Influence on Chlorine Bactericidal Activity Numerous investigators have evaluated the effect of cyanuric acid on the bactericidal action of chlorine under laboratory and swimming pool conditions.
LABORATORY INVESTIGATIONS
Experiments on standard test organisms with various forms of chlorine in distilled water, with and without phosphate buffering, led to the conclusion that cyanuric acid and cyanurates decrease the bactericidal activity of chlorine.' 5,1 6 The increase in free chlorine necessary to offset the effect of cyanuric acid is shown in Table 3 .
In the absence of cyanuric acid, the pH value determines the chlorine activity, since it defines the relative 156 (Figure 2 ). T Daily average number of bathers per 1,000 gallons. CO2 asphyxiation. Implantation and resorption sites, corpora lutea, and viable fetuses were counted and examined. External abnormalities and the skeletal and internal development of fetuses were also recorded. In both investigations, no significant differences concerning the above parameters were observed between test and control groups.
MUTAGENIC EFFECTS IN ALBINO MICE28
Groups of 12 males each received intraperitoneal injections of a single dose (250 mg per kg of body weight) of monosodium cyanurate with or without 16.8 mg of calcium hypochlorite* in warm distilled water. Each male was placed in a breeding cage with three virgin females. Each week and for 6 consecutive weeks the females were replaced with another group of three females. Males and females were sacrificed by CO2 asphyxiation at the end of the 6-week mating period and 1 week after removal from the cage, respectively. Neither treatment induced a dominant lethal response. No significant differences were observed between test and control groups concerning implantation and resorption sites, embryos, or mutation rates.
Short Term Investigations ORAL ADMINISTRATION
In a 1-month study by Hodge,29 groups of five male rats were given drinking water containing 400, 1,200, 4,000, and 8,000 ppm of trichloroisocyanuric acid (as available chlorine). These solutions, after addition of NaOH to adjust pH to 7.2-7.6, were aged 3 to 4 days before use.
Access to the water supply was unrestricted, and new solutions were offered every 3 to 4 days. In the first week the rate of weight increase was reduced at all concentrations of the compound by voluntary reduction of water intake, probably due to the disagreeable odor and taste of the solutions. Thereafter, both water intake and growth rate of the rats on the 400-, 1,200-, and 4,000-ppm diets increased; their growth rate approached that of the control rats in the second and third weeks of the treatment.
Throughout the entire experimental period, the water intake and growth rate of the rats given the 8,000-ppm solution remained markedly lower than those of the control rats. One rat given the 4,000-ppm solution died. However, the organs of the rats on the 4,000-and 8,000-ppm diets appeared normal under gross pathological examination.
In another experiment by Hodge,29 groups of five male rats were given tap water containing trichloroisocyanuric acid (2, 10, and Results of field investigations are often inconclusive or even contradictory; cyanuric acid and cyanurates appear as both inhibitors and activators of chlorine as a bactericide.
These contradictions, which may result from poor control of experimental conditions or from unknown chemical factors, remain to be explored in carefully designed laboratory-field studies. In particular, the effect of pH in the presence of cyanuric acid should be investigated, since pools operated at a pH higher than 7.7 have shown an unsatisfactory disinfection record, even though the free chlorine concentration was kept in the range of 1.0-1.5 mg per liter.
Carcinogenic Effects
The investigations conducted by Pliss and Zabezhinskii25 with cyanuric acid may indicate a low carcinogenic potential. However, apparently these experiments were not adequately controlled, and the incidence of tumors observed might not be related to the compound tested. In addition, the subcutaneous route of application and the use of oil and benzene hardly reproduce the mode and form of entry under swimming pool conditions. Additional adequate tests* are needed, since many persons of all ages might be exposed to this compound for a significant part of their lives. Chlorinated isocyanurates should also be tested. 
ADDITIONAL TESTS
Eventual decomposition products should be identified and tested for possible toxic effects. Products of reactions with other compounds present in swimming pool water should be similarly investigated.
Recommendations for Use
If these products are found toxicologically safe for swimming pools, cyanuric acid concentrations of 20-25 mg per liter, pH 7.2-7.7, with free available chlorine concentrations in the range of 1.0-1.5 mg per liter may satisfy disinfection requirements. However, not only accidental deviations from these conditions, such as elevated pH, but also factors that vary from pool to pool may weaken the bactericidal properties of the system. Bacteriological examinations should therefore be performed regularly and frequently. In addition, as a precaution against unknown soluble decomposition products, the pool water should be replaced periodically.
Summary
The literature on chemical and bactericidal properties and toxicity of cyanuric acid and chlorinated isocyanurates is reviewed. On the basis of the results of experiments apparently conducted without contemporary controls, a low blastomogenic action in rats and mice was attributed to the administration of cyanuric acid. This conclusion remains to be verified in adequately controlled tests. If cyanuric acid is pronounced toxicologically safe for application in swimming pool disinfection, free available chlorine and cyanuric acid concentrations of 1.0-1.5 mg per liter and 20-25 mg per liter, respectively, may be adequate in the pH range 7.2-7.7. Accurate pH control and frequent bacteriological examinations are recommended.
